Introduction
Computer-aided design (CAD) is the use of computer technology for the process of design and design documentation. CAD software, or environments, provides the user with input-tools for the purpose of streamlining design processes, i.e. drafting, documentation, and manufacturing processes. CAD output is often in the form of electronic files for print or manufacturing.
CAD environments often involve more than just shapes. As in the manual drafting of technical and engineering drawings, the output of CAD must convey information, such as materials, processes, dimensions, and tolerances, according to application-specific conventions. CAD is an important industrial art extensively used in many applications, including automotive, shipbuilding, and aerospace industries, industrial, textile and architectural design, prosthetics, and much more. CAD is also widely used to produce computer animation for special effects in movies, advertising, and technical manuals [1] . All professional CAD packages for woven textiles will be able to achieve basic fabric simulation and production output. The difference among competing systems falls mainly into the following categories: ease of use, speed of operation, flexibility of operation, advanced features, technical support, and ongoing software development [12] [13] [14] [15] . These systems are compatible with electronic dobby or jacquard shedding mechanism; production data can be sent directly to electronic loom controllers.
A good CAD system should enable you to create design ideas quickly and easily to enhance the way you already work.
It should be able to fit seamlessly into your current working practices and become a valuable timesaving, creative tool that works with you [14] .
CAD systems support the creation of everything, from simple single cloth structures to complex layered architectures, containing stacking orders and variable densities as well as 2D and 3D visualization of fabrics. 3D simulation module creates fabric visualization on the basis of 3D weave, yarn thickness, warp and weft density. Warp and weft parameters may be set and displayed individually. Separate layers can be isolated and edited on its own, or the whole fabric can be viewed and manipulated as a whole [12] .
CAD systems for prediction of fabric properties
The aim of CAD system for fabric properties prediction is to optimize the construction of textiles on the basis of virtually created fabrics [20] . Prediction of fabric properties is based on a combination of mathematical modeling and experimental research, including development and application of nonstandard methods for definition and measuring of the fabric structure [16, 19, 22, 24] . Mathematical models are possible to use for modeling the geometry of textile structures as well as properties, including textile mechanics, permeability, drape, roughness, and composite mechanical behavior [24] [25] [26] [27] .
At present, the software packages implement a generalized description of the internal structure of textile reinforcements on the unit cell level, integrated with mechanical models of
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Fabric properties and fabric structure prediction are important in each industry domain. Generally all professional CAD packages for woven textiles system will be able to achieve basic fabric simulation and production output. [%] , and yarn irregularity CV [%] . Defi nition of fi ber packing density: inside of the textile fi brous assembly or inside of some spatial part of them, there lies fi ber volume V. Total volume of this body is called Vc. The compactness of this body is characterized by the ratio between these two volumes and is known as fi ber packing density. (Note: alternatively, this value is called the packing ratio or volume fraction.) Evidently, the fi ber packing density value must lie in the interval from 0 to 1 [4] . Type of yarn is evaluated by technology as well as yarn structure (staple yarn, multifi lament yarn, etc.). Software ProTkaTex distinguishes the technologies: combed, carded, and open-end. Based on experimental and theoretical research work [4, 32, 35] , different types of yarn were analyzed (on the basis of threads cross-section evaluation, see Figures 2 and 3) and their construction parameters, and mathematical equations were prepared for yarn parameters prediction. Theoretical expressions of individual parameters of yarn (fi ber packing densities, compression of yarn in relaxing state before weaving as well as in fabric, diameter of threads) were compared with experimental parameters that followed from real cross-section of yarn and woven fabric [5] [6] [7] . the relaxed and deformed state of 2D-and 3D-woven (see Figure 1 ), two-and three-axial braided, weft-knitted and non-crimp warp-knit stitched fabrics [16, 18, 38] . Realistic models have application in the design and manufacture of textile composites. A composite material is one that is made by combining two existing materials: in a fi ber-reinforced composite, stiff, strong fi bers form one part of the composite, reinforcing the other. In manufacturing, it is common for this reinforcing material to be supplied in textile form, woven from 'yarns' made from the fi bers [22, 23] .
Some modules of CAD system are focused on simulation of 3D-woven fabrics with consideration of weaving technological boundary conditions: quick check up of the feasibility of geometry from 3D-woven fabrics; prediction of woven 3D structure and quality for each position of geometry; optimization of parameters of the 3D-woven fabric (thread sizes, weave, and thread distances) by simulation [19] . The packages are dedicated for the design and manufacture (CAD/CAM) of advanced textile structures based on the use of conventional weaving technology. It has been used for the design and manufacture of 3D textile structures, with both solid and hollow architectures, and non-crimp composite reinforcement [22, 23] . Software packages can be used for the prediction of standard gray fabric properties for technical and clothing applications. In this case, the software can predict selected properties and fi ber parameters in module fi ber, selected yarn properties and parameters in module yarn, selected fabric properties and parameters in fabric module. The system contains databases of fi ber properties and fabric weaves, and the prediction is based on the complex of theoretical and regression models. The material and technological parameters for different materials, yarns and fabrics are included. The system is mainly used for the optimization of fabric design based on virtually created fabric [20] .
Prediction of woven fabric properties: software Protkatex
ProTkaTex software can be applied for the prediction of selected mechanical and end-use woven jacquard fabric properties with knowledge of the yarns' properties and fabric interlacing. ProTkaTex was developed at the Faculty of Textile Engineering, Technical University of Liberec. The software is compatible with common CAD jacquard and dobby weaving design systems. ProTkaTex enables 3D visualization of fabrics based on the input yarn parameters. It is used for properties, prediction on the basis of combination of mathematical modeling and experimental research [2, 4, 31] . The major challenge is to develop a software package that industry will use in design centers for the creation and development of new fabric structures for technical as well as clothing application.
In comparison with the above-mentioned software packages, this software is focused on the determination of standard dobby fabrics as well as jacquard fabrics, and is not focused on the description of textile composite. At this stage, the weave (small and big patterns) covers the structure of single-layer woven fabrics. It is able to evaluate the jacquard pattern with unlimited number of warp and weft threads. On the basis of defi nition 
], cover of fabric [%] (separately for warp and weft system too), crimp of threads in fabric [%] (warp and weft), fabric thickness [mm], fabric roughness [μm], fabric strength [N/5cm] (for warp and weft direction), and fabric elongation [%] (for warp and weft direction).
For presentation of individual results of prediction, the abovementioned properties were selected. In the above-mentioned graphs we can see fabric properties behavior and comparison of theoretical values with experimental values. Parameters of fabric samples: All fabrics are in plain weave. Material composition: 100%PP yarn and 100%CO yarn in three counts 20tex, 29,5tex and 45tex in both directions.
Weight of fabric
Calculation of weight of fabric in this software is based on the warp and weft sett and on the yarn count as well as yarn crimp [31] 
Fabric thickness
Fabric thickness is defi ned as perpendicular distance to the fabric, which determines the dimension between the upper and lower side of the fabric. Prediction of fabric thickness depends on fabric geometry description. Mathematical description is based on defi nition of binding wave in repeat and threads' waviness in interlacing [37] . Threads' deformation in interlacing
Weave defi nition and prediction of woven fabric properties
Woven fabric weave determines the manner of the thread's interlacing in the fabric [2] . Defi nition of individual pores in weave -expression of pores frequency in weave (in rows and in columns) -is used for description of threads interlacing by mathematical equation in this software. In the woven fabric weave, exists only four structural models of interlacing [33] , see Figure 4 . Dobby as well as jacquard pattern is possible to create by various combinations of these structural pores in repeat. Jacquard design is not possible to create in ProTkaTex.
The software is compatible with CAD jacquard design systems (EAT, NedGraphics, Arachne, ScotWeave, etc.), where pattern has to be saved in one of the following formats: TIFF, BMP, JPEG (see Figure 5 ).
Jacquard weave in the above-mentioned format (see Figure 6 ) can be opened in module "weave" and then converted into a format required for fabric properties prediction in ProTkaTex. This software uses its own format, VZB.
Description of woven fabric properties and parameters is based on the complex of theoretical and regression models. Prediction is based on the knowledge of yarn parameters and interlacing of individual threads in dobby and jacquard pattern. Calculation of individual fabric properties and mathematical formulations were created on the basis of analysis of areal and spatial fabric geometry. As mentioned above, the software calculates selected properties for dobby as well as jacquard woven fabric. It is possible to predict the following properties of fabrics: relative is dependent on the yarn structure and fabric input parameters (weave, warp and weft waviness, warp and weft sett) [4, 33] . In the following model (1), the main infl uence is from yarn diameter and weft and warp waviness.
where d o -warp diameter, d u -weft diameter, e1 -warp waviness, f m -interlacing coeffi cient, β -yarn compression in fabric (the yarn deformation in interlacing).
Fabric elongation
Prediction of fabric elongation in the warp and weft direction is defi ned as a fabric extension for maximum strength (the breakage) to the original length of fabric. Fabric elongation in warp and weft direction depends on yarn elongation and yarn interlacing in fabrics. Calculation of fabric elongation is based on defi nition of threads' crimp and level of threads' interlacing (which is necessary to evaluate the number of interlacing parts as well as fl oat part in repeat [31] ). [ ] ( ) ( )
Fabric strength
Prediction of fabric strength in warp or weft direction depends on warp (weft) yarns and warp (weft) sett. The infl uence of second system on fabric strength value is neglected. Woven fabric strength does not correspond to the sum of yarn's strength per fabric width unit in straining direction only. Relation between fabric and yarn strength is corrected by coeffi cient of utilization of yarn in fabric in warp (weft) direction. It is assumed that coeffi cient includes infl uence of material and fabric weave.
Fabric roughness
Roughness is a surface micro-geometry and is defi ned as the sum of unevenness (geometric deviations) of the surface with relatively small distances. It is an important parameter infl uencing subjective hand feeling and is connected with behavior of textiles' layers in mutual contact. Calculation of roughness is based on the defi nition of structural pores in repeat, fabric geometry description, threads' interlacing as well as yarn irregularity [37] .
[ 
Conclusion
The ProTkaTex software provides an integrated description of the internal geometry of dobby and jacquard fabric and their properties. It is one of the few software packages that are able to characterize and determine the behavior of complicated jacquard patterns in selected properties. The major challenge is to develop a software product that industry will use in design centers for the creation and development of new fabric structures for technical as well as clothing application.
At present are elaborated additional properties and their mathematical formulation that will be implemented in software and extend the existing possibilities of prediction. Software is open to be used in further developments of creation and prediction of new fabric structures and their properties. ( ) 
